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1. Scalar mesons in heavy-meson decays 

The structure of scalar mesons in terms of fundamental constituents is stiU an open 
question and widely debatted, for a review see Refs. We are interested in the 
scalar- isoscalar meson /o(980), but the formalism we are going to present in this 
talk is of general interest and applicable to any scalar meson. Besides the quantum 
numbers, what is known about the /o(980) is its mass and width: m = 980±10 MeV 
and r = 70±30 MeV. Hence, the /o(980) is a rather narrow state, already known, as 
well as other scalar resonances, for over thirty years from tttt scattering.*^ A general 
analysis of data leads to a picture suggesting that the scalar mesons above 1 GeV 
can be identified as conventional qq nonet with some possible admixture of gluons, 
whereas light scalar mesons below or near 1 GeV form a flavor nonet predominantly 
made of q^q^ states.'^ The /o(980) being the product of a resonant two-pion state 
at the hadronic level may lead one to think of it as a four-quark state, which is 
also favored by the observation that such a configuration yields the right quantum 
numbers without the need for an orbital angular momentum to make a 0^ state. 
Moreover, studies of the scalar mass spectrum below 1 GeV suggest a q'^q^ state 
as originally advocated by JaffeSon the other hand, scalar mesons produced in D 
and Ds decays leading to three pseudoscalar mesonS^iseem to indicate a qq content, 
although higher statistics in these experiments is desirable. 

The emergence of the /o(980) as a pole of the tttt amplitude in the S-wavJ^is also 
well established in three-body decays of S-mesons. Recently, distinct peaks about 
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1 GeV were observed in the tttt effective mass ranee distributions oi B ^ fo{980)K 
decays by the BaBar and Behe CollaborationsMJ As of yet, these newer data do 
not allow to discriminate between a two-quark or a four-quark description of the 
/o(980). Nonetheless, viewing the /o(980) exclusively as a. qq oi a. (fq^ state may 
prove to be misleading. In the case of i? ^ /o(980)-ftr decays there are plausible 
reasons to limit oneself to the qq picture of the naive quark model. Due to the large 
B-mass, the outgoing mesons behave as massless particles, which prompts to expand 
the corresponding bound states in terms of Fock states. Quark configurations like 
(fq^ or (fq^g therefore belong to higher Fock states. It was already suggested by 
Cheng, Chua and Yan^ that the qq component of the energetic /o (980) may be 
more important, as two rapid qq pairs are less likely to form a fast moving /o(980). 
In our model we therefore neglect higher Fock contributions to the bound state. 

2. Transition form factors 

After we have settled down to the qq state of the /o(980), we ought to be con- 
cerned with its flavor content. Since the branching ratios B{J/'^ /o(980)(/)) and 
B{J/'i> /o(980)aj) have almost the same magnitude, the /o(980) state must nec- 
essarily contain -Ou, dd as well as ss components. We write the wave function as 

*/o = -^{\uu) + \dd)) sindrn + \ss) cos9m = ^'"sin6'm + cos9m, (1) 
v2 

where 9m is the mixing angle and n = u,d. 

We are concerned with an effective description of hadronic corrections to the 
weak vertex in charged current-quark transitions 6 — s- u, c — > s which drive the 
weak decays B /(J'''* (980) or D — > /(J'''* (980). The exponents u,s denote the 
flavor content of the scalar qq state. To this end, we calculate the pseudoscalar 
to scalar {P — > S) transition amplitude {S{p2)\J'^\P{pi)) corresponding to the 
diagram in Fig.^in a relativistic quark model. The momenta pi = Mf and p\ = M| 
belong to the initial pseudoscalar and final scalar meson, respectively. The transition 
amplitude is generally decomposed into two terms 

{S{p2)\J^\P{p^))^F+{q^){p^+P2Y+F^{q^){p^-p2r, (2) 

where F^i^q^) and F_{q'^) are the transition form factors, q — Pi — P2 a-nd the weak 
current is J'' — q'^^il — 7^)9 with q' — u,d, s and q ~ c,b. 

In the dispersion relation approach, the form factors are derived from the dia- 
gram in Fig. Hand expressed through the double spectral representation as 

2n f dsiGy^{si) dsiGy^{s2) . , 2 \ 

F±{q = / — T72\—( r72T^±(si:S2,9 ;mi,TO2,m3 . (3) 

J 7r(si - Mf ) 7r(s2 - M|) 

The vertex Gy{s) describes the bound-state transition to the constituent quarks 
and A± are spectral densities to be discussed below. The wavefunction of a bound 
state with negative energy is related to the vertex by $(s) — Gi,{s) / {s~ M'^) where, 
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Fig. 1. The triangle diagram describing the weak-hadronic P ^ S transition ampUtude in rela- 
tivistic constituent quark model. 



at the pole, is the mass of the bound state. In the case of qq pahs, nevertheless, 
the strong interaction properties lead to confinement, commonly approximated by a 
harmonic oscillator, and the bound state occurs at s = > {mq+rriq)'^ . Following 
the diagram in Fig. ^ niq and rriq denote the mass pairs (mi + m^)^ < Af| and 
(m2 + 7713)^ < for the scalar and pseudoscalar meson, respectively. Confinement 
does smear out the pole and the smooth form of the wavefunction is the usual 
Gaussian one. It is therefore more convenient to use the wavefunction <I>(s) in Eq. Q 
rather than the vertex function, as the pole position cancels. The normalization of 
the vertices Gv{s) and therefore of <I>(s) is determined by the rescattcring of the two 
constituent quarks in the meson. Including the proper relativistic normalization, a 
wavefunction like that in Eq. is given by 

Hs)=C±{s) exp{-4ae/fi^), (4) 

where /i = rnqvaq/ {rUq + mq) is the reduced mass of the qq pair, k is the modulus 
of the center-of-mass quark momentum an 



e,(.) = V2(^) f r\-'l . (5) 

In Eq. Q), £,+ {s) is the normalization of a scalar meson $s(s) whereas ^_(s) is that 
of a pseudoscalar meson $p(s). The parameter a controls the size of the meson 
and has to be deduced phenomenologically. This can be done for B- and Z?-mesons 
by using constraints like the meson decay constant known from experiment. For 
neutral scalar mesons the situation is more tricky — owing to charge conjugation 
invariance, the /o(980) cannot be produced via a vector current. Alternatively, one 
defines a scalar decay constant fs associated with the scalar current, although its 
value is only vaguely known from theoretical estimations. We prefer to determine 
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<^g-'^{s) and $|(s) by fitting D{Ds) /o(980)X {X = tt,K) branching fractions, 
as will be discussed in more detail in Ref. E| 

The spectral densities A± in Eq. Q are obtained from the double discontinuities 
of the triangle diagramPwe apply the Landau-Cutkosky rules, thus the internal 
quarks are put on-mass shell (kf = mf, i — 1,2, 3), to calculate these discontinuities 
for a P S transition: 

iPl + P2Y ^+{SI, S2,q^ -,1711,1712, m^) + (pi -p2)^A_(si,S2,g^;TOl,m2,TO3) = 




dkidk2dkz 5{k\ — 'm\)5{k'^ — ina^)5{k'^ — m^)5{pi — fc2 — k3)6{p2 — k^ — ki) 



X Tr [-(1^1 + mi)7^75(|^2 + m2)z7'(m3 - h)i] ■ (6) 

One has the condition m2 > mi and the tilda on the external momenta expresses 
their off-shellness in the dispersion approach with si = pf and S2 =02- These 
momenta are the dynamical variables in the double dispersion relation of Eq. (j^J . 



3. Numerical applications 

Having the explicit form of the spectral densities, one can calculate the space-like 
form factors F+{q'^) and F-{q^) for < Q and an analytical continuation in q^ 
yields the time-like equivalent for < q^ < [Mi — M2)^. Thus, the dispersion 
relations applied to the relativistic quark model allow to derive -B — > /o and D 
/o transition form factors for the full momentum range, and in particular for the 
kaon mass q^ = needed in the decays B fo{980)K. This is done without 
any extrapolation and the quark model solely determines the behavior of the form 
factors. As an example, we show the preliminary function Fj^{q^) for the P to S 
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transition B — > /g (980)conipared to that for the P to P transition B ^ tt in Fig. [3 
In an upcoming paper'iQl we will give an estimate for the errors of these transition 
form factors. With this work, we hope to better determine one component of the 
hadronic matrix elements in the factorization approach for B- and £)-decays into 
scalar mesons, for which most of the uncertainties stem from the non-perturbative 
character of QCD. 
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